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Abstract
We study the tachyon supertube probes in a type IIA supergravity background which is a
stringy-like Go¨del spacetime and contains closed timelike curve. In the case of small value of
f , which is a parameter of the background, we use the Minahan-Zwiebach tachyon action to
obtain a single regular tube solution and argue that the tube is a BPS D2-brane. However,
we find that the fluctuation around the tube configuration has a negative-energy mode. This
means that the tachyon supertube, despite being a BPS configuration, develops an instability
in the pathological spacetime with closed timelike curve which violates the causality.
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1 Introduction
Go¨del had found a homogeneous and simply connected universe with closed timelike curves
(CTCs) [1]. This particular solution is not an isolated pathology and in fact the CTCs
are a generic feature of gravitational theories, in particular in higher dimensions with or
without the supersymmetry [2]. CTCs are not linked to the presence of strong gravitational
fields. They are global in nature and will violates the causality. Physicists usually label
the spacetimes with CTCs as pathological, unphysical and forget about them. However,
Hawking had formulated the chronology protection conjecture, with a quantum mechanism
enforcing it by superselecting the causality violating field configurations from the quantum
mechanical phase space [3].
In a previous paper [4] we have calculated the energy-momentum tensor of a scalar
field propagating in a one-parameter family of solutions that includes the four-dimensional
generalized Go¨del spacetime [5]. As the parameter is varied, we had shown that the energy-
momentum tensor becomes divergent precisely at the onset of CTCs. This gives a support
to the Hawking’s chronology protection conjecture. In [6] Gauntlett et. al. calculated
the holographic energy-momentum tensor in a deformation of AdS5 × S5 to investigate the
problem in the string theory. Their results, however, showed that the holographic energy-
momentum tensor remains finite even when the CTCs appear.1
In recent many physicists hope that the string theory could provide a mechanism to rule
out the pathological solutions or eliminate the CTCs [6-13]. For example, Herdeiro showed
that the causality bound corresponds to a unitarity bound in the CFT [7], and therefore
that the over rotating spacetimes, which will form CTCs, are not genuine solutions of string
theory. Boyda et. al. found that holography can serve as a chronology protection agency
[8]. Astefanesei et. al. argued that the conjectured AdS/CFT correspondence may teach us
something about the physics in spacetimes containing closed timelike curve [9]. Caldarelli
et. al. showed that a violation of the Pauli exclusion principle in the phase space of the
fermions is thus intimately related to causality violation in the dual geometries [10].
The philosophy behind this is that, in string theory there are dynamical extended objects
which may provide us with probes suited particularly well to study non-local issues like closed
timelike curves.
One of the interesting objects in the string theory is the supertube found by Mateos
and Townsend [14]. It is a tubular bound state of D0-branes, fundamental strings (F1)
and D2-branes, which is supported against collapse by the angular momentum generated by
the Born-Infeld (BI) electric and magnetic fields. Drukker et. al. studied the dynamics of
cylindrical D2-brane in Type IIA Go¨del universe and claimed that the supertube develops
1The inconsistence between [4] and [6] has not yet been clarified.
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an instability in the CTC region despite being a BPS configuration [11].
The investigations in [11] use the supertubes as probes, in which the supertubes are
described as BPS D2-branes in DBI action. As well-known that, in the spirit of the Sen’s
conjecture [15], the BPS branes could also be viewed as tachyon kinks of non-BPS branes in
higher dimension, it is therefore interesting to adopt the tachyon tube [16, 17] as a probe to
investigate the problem. This is the work of this paper.
In section II, we first describe a type II supergravity background which behaves as the
Go¨del Spacetime [18] and contains closed timelike curve. Then we use the Minahan-Zwiebach
tachyon action [19] to find the single regular tube solution with circular cross section in the
stringy-like Go¨del spacetime. We will see that the energy of the single tubular configuration
comes entirely from the D0 and strings at critical Born-Infeld (BI) electric field. Thus the
solution is supersymmetric [14] and the tachyon supertube solution is a BPS configuration.
In section III we calculate the fluctuation spectrum around the tube solution and show that
there is a negative-energy mode. This means that the tachyon supertube, despite being a
BPS configuration, develops an instability in the pathological spacetime with closed timelike
curve which violates the causality. Our result provides an alternative proof of Drukker’s
result [11] while using the tachyon field theory. We make a conclusion in the last section.
2 Tube Solution in a Stringy-like Go¨del Spacetime
We adopt a specific solution of type IIA supergravity with rotation in a single plane. This
solution is a stringy-like Go¨del spacetime preserving one quarter of the maximal number of
supersymmetries [18]. It has a nontrivial metric in three dimensions, which we parameterize
by the time coordinate t, and polar coordinates r and θ in the plane. There is also a NS-NS
flux as well as RR 2-form and 4-form fluxes. The flux fields are used to render the spacetime
supersymmetric. The metric and fluxes of this stringy-like Go¨del spacetime are given by
ds2 = −
[
dt+ fr2dθ
]2
+ dz2 + dr2 + r2dθ2 + δijdx
idxj , (2.1)
BNS = fr
2dz ∧ dθ , C3 = fr2dθ ∧ dt ∧ dz , C1 = −fr2dθ . (2.2)
The spacetime has CTC when r > f−1 [18]. However, as the stringy-like Go¨del universe is
homogeneous there are CTCs through every point in space.
In this section we will adopt the MZ tachyon action [19] to analyze the supertube in
the stringy-like Go¨del spacetime (2.1). The Minahan-Zwiebach (MZ) tachyon action is a
derivative truncation of the BSFT action of the non-BPS branes [20], which embodies the
tachyon dynamics for unstable D-branes in (super)string theories and was first proposed as a
simplified action to capture the desirable properties of string theories. The action had been
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successfully used to study the phenomena of kink condensation and vortex condensation in
the unstable non BPS branes [21]. The results support the Sen’s conjecture of the ‘Brane
Descent Relations’ of tachyon condensation. It had also been used to investigate the problems
of the recombination of intersecting branes [22].
The Minahan-Zwiebach tachyon action of the non-BPS D3 brane, including the Wess-
Zumino terms, is described by [18,19]
S = −T3
∫
V (T )
(
1 + (∂µT )
2 +
1
4
F2µν
)
+
∫
V (T ) dT ∧ (C3 + C1 ∧ F) . (2.3)
The field strength F includes the BI gauge field strength FBI that are turned on in the brane
and those induced by the NS field strength BNS in (2.2), i.e.
F = FBI +BNS, FBI = E dt ∧ dz +B dz ∧ dθ. (2.4)
in which we allow for a time-independent electric field E and magnetic field B. The supertube
we considered is a cylindrical D2-brane which is extended in the z direction as well as the
angular direction θ at fixed radius r about the origin. It is supported against collapse by the
angular momentum generated by the Born-Infeld (BI) electric field E and magnetic fields B
[14]. Under these conditions the Lagrangian is
L = −2piV (T ) r
[
1 + T ′2 +
1
2
E2(f 2R2 − 1)− fE(B − fr2) + (B − fr
2)2
2r2
− fr(1− E)T ′
]
,
(2.5)
in which the tachyon field is a function of radius as we consider only the case of circular
tube. The associated field equation is
2V (T )
[
T ′′(x) +
T ′
r
− f(1− E)
]
− V ′(T )
[
1− T ′2 + fr(1−E)T ′ + 1
2
E2(f 2R2 − 1)
−fE(B − fr2) + (B − fr
2)2
2r2
]
= 0, (2.6)
which, however, could not be solved exactly and we shall adopt some approximations.
In the case of f ≪ 1 we have found the solution
Tc(r) ≈ B√
2
ln(r/r0) +
f(1− Ec)
4
r2, (2.7)
in which the critical value of electric field Ec is defined by
Ec =
√
2−
(
1 +
√
2
2
)
fB. (2.8)
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The above solution is consistent with our previous paper [17] in the case of flat space, i.e.
f = 0. The value of r0 in above is an arbitrary integration constant. As the value of |T (r)c|
becomes zero near r = r0 the radius of tachyon tube will depend on the value of r0. The
tube radius and r0 are determined by the BI EM field, i.e., the charges of D0 and strings
on the brane. It is noted that, as that in the previous cases [17], the above tube solution is
irrelevant to the function form of the tachyon potential V (T ).
To proceed we define the electric displacement defined by Π = ∂L/∂E and thus from
(2.5)
Π = −2piV (T )
[
E(f 2R2 − 1)r − f(B − fr2)r − T ′fBr2
]
, (2.9)
The associated energy density defined by H = ΠE − L becomes
H = 2piV (T )
[(
1 + T ′2 − 1
2
E2(f 2R2 − 1) + (B − fr
2)2
2r2
)
r − fr2T ′
]
. (2.10)
In figure 1 we plot the typical behaviors of function H(r) which shows that there is a peak
at finite radius for the solution (2.7).
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Figure 1. The behaviors H(r) in (2.10) in the case of B = 2 , f = 0.01 and V (T ) = e−T
2
.
There is a peak at finite radius r which specifies the size of the circular cross-section tube of
solution (2.7).
We can now use the regular tachyon solution (2.7) to evaluate the D0 charge q0 and
F-string charge q1, which are defined by [16,17]
q1 =
1
2pi
∫
dϕΠ , q0 =
1
2pi
∫
dϕB . (2.11)
respectively. It is seen that energy density U could be expressed as
U = Ec q1 + q0.. (2.12)
As the energy density of tachyon tube is just given by the sum of charges it carries this
solution represents a BPS tube, as dictated by supersymmetry [14,16,17].
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It is also interesting to mention the physical meaning of the critical value of electric field
Ec. Substituting the tachyon solution (2.7) into the Lagrangian we see that
L⌋ ≈ −B
[
B
r
− 2−
√
2
2
f r +
1−√2
2
Bf
]
V (Tc). (2.13)
Thus increasing E to its ‘critical’ value E = Ec would reduce the D2-brane tension to
zero if the magnetic field were zero [14]. This implies that the tachyon tube has no energy
associated to the tubular D2-brane tension; its energy comes entirely from the electric and
magnetic fields, which can be interpreted as ‘dissolved’ strings and D0-branes, respectively.
The energy from the D2-brane tension has been canceled by the binding energy released as
the strings and D0-branes are dissolved by the D2-brane. The phenomena that the tubular
D2-brane tension has been canceled was crucial to have a supersymmetric tube configuration
[14].
We conclude this section a comment. The critical electric in DBI action is Ec = 1 [14]
which is different from that in the MA tachyon action. The inconsistence may be traced to
the fact that the MZ tachyon action is just a derivative truncation of the BSFT action of the
non-BPS branes [17]. However, we hope that the truncated action could capture desirable
properties of the brane theories.
3 Fluctuation and Instability of Tachyon Supertube
Let us now consider the fluctuation t around the tubular solution
T (r) = T (r)c + t(r), (3.1)
Substituting the tubular solution T (r)c in (2.7) into the action (2.5) and considering only
the quadratic terms of fluctuation field t(r) we obtain
S = −2pi
∫
dr
[(
1 + (
√
2− fr)
)
r tˆ′
2
+
(
B
8r
(
4B − f r(4(
√
2− 1)+
(
√
2− 2)(4 +B2)r
))
Ln(r/r0) + 2B
(
(
√
2− 2)fr2 − B(1 + fr −
√
2fr)
)
Ln(r/r0)
2
)
tˆ2
]
= −2pi
∫
dw
[
tˆ
∂2 tˆ
∂w2
+
2B2 − B4w2
4
tˆ2 + δH tˆ2
]
, (3.2)
in which
δH = f
ew
8
[
4(
√
2− 1)B2 + 2(−2 +
√
2)B2w2 ew
6
+4w
(
(1−
√
2)(B2 +B4)− (
√
2− 2)(4 +B3)ew
)]
, (3.3)
and we have used the partial integration, field redefinition
tˆ ≡ V (Tc)−12 t, with V (Tc) = e−T 2c , (3.4)
and new variable
w = ln (r/r0)− ln
[
1 + (
√
2− 1)fr/r0
]
. (3.5)
Without the δH term ( i.e. f = 0 and space becomes flat) we see that the fluctuation tˆ obeys
a Schro¨dinger equation of a harmonic oscillator, thus the mass squared for the fluctuation is
equally spaced and specified by an integer n,
m2t = 2nB
2, n ≥ 0. (3.6)
Thus there is no tachyonic fluctuation, the mass tower starts from a massless state Ψ(w)0
and has the equal spacing. This result is consistent with the identification of the tachyon
tube as a tubular BPS D2-brane. This is the result obtained in [17].
Now we can use the perturbation method of quantum mechanism to perform the calcu-
lation including the δH term effect. We then find that the energy of the ground state Ψ(w)0
becomes
δEΨ(w)0 = 2pi
∫
dw δH |Ψ(w)0|2 = pie
1
4B
2
[
(1−
√
2)B(1−B)2 + e 34B (2−
√
2)(2− B)
]
≈ − (
√
2− 1)pi
4
f |B|3, if |B| ≫ 1, (3.7)
which is a negative value. (Note that to have CTCs the parameter f must be positive.) We
thus conclude that the tachyon supertube, despite being a BPS configuration, develops an
instability in the pathological spacetime with closed timelike curve.
4 Discussions
In normal background of spacetime a BPS state satisfies a Bogolmonyi bound, which implies
that the energy is minimized for a given charge, and state is absolutely stable. However,
in the pathological spacetime with closed timelike curve, a BPS state will be unstable, as
shown in [11] using DBI action and in this paper by using the tachyonic BDI action.
In fact, the instability of the BPS supertube in type IIA Go¨del spacetime could be easily
seen from the analyses of DBI action, as briefly described in below. The world-volume
theory on the supertube is just that of a D2-brane in curved background, which includes the
Dirac-Born-Infeld and Wess-Zumino terms
S = −
∫
e−φ
√
− det(G + F)−
∫
(C3 + C1 ∧ F) , (4.1)
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where G is the pullback of the metric and C1 and C3 the pullbacks of the RR potentials. The
field strength F includes the BI gauge field strength FBI that are turned on in the brane and
those induced by the NS field strength BNS in (2.2). Under these conditions the Lagrangian
of a static straight tube of circular cross section with radius R becomes [11]
L = −
√
R2 +∆−1B˜2 − E˜2R2∆− fR2 + fR2E , (4.2)
where
∆ ≡ 1− f 2R2 , B˜ ≡ B − fR2 , E˜ ≡ E − fB˜∆−1 . (4.3)
The momentum conjugate to E takes the form
Π ≡ ∂L
∂E
=
E˜R2∆√
R2 +∆−1B˜2 − E˜2R2∆
+ fR2. (4.4)
Solving the above equation we have the relation
E˜ = s
Π˜
R∆
√√√√R2∆2 + B˜2
R2∆2 + Π˜2
, Π˜ = Π− fR2, s = sign(Π˜/∆). (4.5)
The corresponding Hamiltonian density per unit length is
H(R) ≡ ΠE −L = 1
R∆
√√√√R2∆2 + B˜2
R2∆2 + Π˜2
[
R2∆2 + s Π˜2
]
+
f
∆
B˜Π˜ + fR2. (4.6)
Then, the tubular bound state of the F-string and D0-brane may be formed if the energy
H(R) has a minimum at finite radius R. For example in figure 1 we plot the radius-dependent
energy for the case of f = 0.1, B = Π = 5. The tube with radius R = 5 is found.
5 10 15 20 R
-100
100
200
H
Figure 2: The energy density for the case of f = 0.1, B = Π = 5. The energy density has
a local minimum at Rc = B = 5 which is the radius of the tube. As the energy density of
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the tube solution is just given by the sum of charges, it represents a BPS tube solution [14].
However, the energy density at R = f−1 become −∞, the BPS tube in the stringy Go¨del
universe is in fact unstable.
The functional form of energy H(R) in (4.6) can be analyzed if B = Π. In this case we
have a simple relation
H(R) = B
2 +R2 − 2fBR2
R − fR2 , (4.7)
and it has a solution tube with radius Rc = B. The associated energy density is
H(Rc) = 2B ∼ q0 + q1. (4.8)
As the tube energy density is just given by the sum of charges it carries (Note that in
the case of B = Π the charges is proportional to B), this solution represents a BPS tube,
as dictated by supersymmetry [14]. However, from figure 2 we can see that the energy
H(R = f−1)→ −∞, which signals that the BPS tube in the stringy Go¨del universe may be
unstable.
In conclusion, in this paper we have investigated the properties of tachyon supertubes in
a type IIA supergravity background which behaves as a stringy-like Go¨del Spacetime and
contains closed timelike curve. In the case of small value of f , which is a parameter of the
background, we use the Minahan-Zwiebach tachyon action to obtain a single regular tube
solution and argue that the tube is a BPS D2-brane. We have investigated the fluctua-
tions around the tachyon supertube configuration and found that there is a negative-energy
mode. This means that the tachyon supertube, despite being a BPS configuration, develops
an instability in the pathological spacetime with closed timelike curve which violates the
causality. This provides an alternative proof of Drukker’s result [11] while using the tachyon
field theory.
The dynamics of (extended) probes in spacetimes containing CTCs has been studied
extensively in recent [6-13]. It becomes clear that in general the worldvolume theories develop
instabilities (negative energy modes). Our investigations suggest a possible way to use the
tachyon brane to probe the pathological spacetime with closed timelike curve. Using the
tachyon brane as a probe to study other pathological spacetimes with closed timelike curve
is an interesting problem. It remains to be studied.
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